Cerebral palsy is a multiple disability manifested by motor deficits and impairments of cognition, language, and body perception. To assess if body schema and body image distortion in children and youth with cerebral palsy can be represented through draw-a-person-test, outcome measure of conscious and subconscious body awareness, visual perception and cognition in two age-matched groups, one with cerebral palsy and other with developmental disability, were collected. The outcome was compared within the two groups and with reference data (healthy population) and correlated with the outcome of draw-a-person test. Decreased scores in the draw-a-person test in subjects with cerebral palsy compared both to subjects with developmental disorders and to healthy population had strongly correlated with decreased scores in visual perception. This suggests that draw-a-person test may provide a preliminary guidance for the assessment of visual perception. No statistically significant effect of cognitive abilities on performance in the draw-a-person test was found. The influence of both conscious and subconscious body awareness on the scores in the drawa-person test was not significant, which confirms that this test alone is not fully reliable to detect the body schema and body image disorder in cerebral palsy.
Introduction
Individuals with Cerebral Palsy (CP) may have issues with perception, cognition and behavior, in addition to their motor disorder [1] [2] [3] . In children with CP, motor impairments are often accompanied by deficits in body schema and body image [4] .
The body schema is defined [5] as subconscious ideas about the shape and size of the body and the relationship of the parts of the body to each other. The body image is characterized as the conscious representation of the body parts, of relative position between the body parts and as experience with the body limits. The body image involves both the subject's perceptual experience of his/her own body and conceptual understanding of the body in general [6] .
The lack of movement in children with cerebral palsy provides only limited opportunities to pick up tactile and kinesthetic information. As a result, deficits in spatial positional relationship and orientation on own body, exist. Difficulties are manifested e.g. in naming of individual body parts, recognizing their function and relative position, deficiencies in sense of position in space like the designation of the front, and back, top and bottom, right and left. These notions are often learned, but cannot be applied safely. Other symptoms that may indicate a failure of the body schema are manifested in efforts to plan and cope with simple everyday actions, such as, e.g., wearing a sweater properly [7] [8] .
In this study, we focus on children and youth with CP and investigate if they present disturbances of body perception and to what extent the Draw-a-Person Test (DPT) may reflect these disturbances when compared to children and youth with Developmental Disability (DD) of different origin.
Material and Methods

Inclusion Criteria
All procedures followed were in accordance with the Declaration of Helsinki (1964) . The experimental procedures were approved by the Ethic Committee of the Faculty of Medicine of the Technical University of Munich. Informed consent was obtained from all subjects, and from parents when necessary, before starting the measurements.
38 children and youths aged from 7 to 15 years (mean age ± SD, 11.8 ± 2.7, 19 males and 19 females) were included in the study. Two groups were formed. The first group consisted of 19 subjects diagnosed with CP. The second group consisted of children and youths with DD matched for age with subjects in the first group. The DD-group was chosen intentionally in order to be able to distinguish influences of CP-specific impairments related to motor function and mobility and reduce possible distortions due to great diversity in development. An age-matched healthy control group would have a much higher developmental age. Sociodemographic and clinical characteristics of the participants are presented in Table 1 .
Children and youths with reduction of vision, essential functional limitation in the upper extremities or with the absence of active speech, could not be included in either group. The children of both groups were able to actively speak, understand voice and tasks, use a pencil and had ability to walk with or without aids. 
Assessment of Cognitive Abilities (HAWIK-IV)
The cognitive abilities were assessed with HAWIK-IV [9] . The test is used in individuals aged from 6 -16 years.
The test was performed by the occupational therapist in a quiet room. Test subjects were instructed about the purpose of the test and knew that they should solve tasks that require precise observation and listening, thinking and concentration. During the test run no disturbance or distraction from the outside could occur. The test person sat opposite the test administrator. The study environment was friendly and cooperative, in order to avoid test anxiety. If the occupational therapist noticed that the child was fatigued in the course of testing and her/his attention was significantly decreased, the test was completed during the second meeting.
Assessment of Mobility Level (GMFCS)
The mobility level of the subjects of the CP-and DD-group was categorized with the Gross Motor Function Classification System (GMFCS). 
Assessment of Visual Perception (DTVP-2 and DTVP-A)
Assessment of Body Representation Disorder (BRD)
Deficits of body schema and body image are difficult to separate [15] . For this reason, the term "body representation disorder" is often used to collectively describe these concepts. The following 3 subtests are usually applied to detect body image disorders but may also reflect deficits of body schema.
Body Part Pointing and Calling
Subjects were requested to indicate 21 of their own body parts. Then the person conducting the test asked subjects to point to specific body parts such as the head, belly, mouth, and so on. Then subjects had to close the eyes and identify and say out loud which body part the person conducting the test had touched, for different body parts.
Spatial Concepts
To test the awareness of spatial notions such as inside, outside, under, on the top, on the other side, in front, behind, back, over, around, a doll figure was placed in different spatial positions relative to a play house, e.g. inside the house, on the right side of the house, etc., and the subject had to specify the corresponding position.
Left-Right Orientation
The subject was asked to raise her/his right or left arm. To reduce the probability of a correct movement by chance, the subject was requested to show some other parts on the left side of the body e.g. her/his left ear.
Implementation of Everyday Action
The ability to perform a simple everyday action like dressing a jacket was tested. After dressing the jacket the subject was asked to bring out a handkerchief from his pocket and throw it in a waste container. This test should primarily identify body schema disorders because preconscious processes are decisive for accomplishment of the action steps [6] . However, this test may also in some extent reflect impairment of the body image, since body image contributes to the control of movement, because subjects who are unable to recognize their own body parts and their relation to each other may have difficulties in dressing themselves.
Draw-a-Person-Test after Hermann Ziler
Often the representation of people in children's drawings is considered as an expression of the body schema [16] [17] [18] . As stated by Tarlow [19] , disturbances of the body schema and body image in children with cerebral palsy can be revealed in their drawings, especially in drawings of people. The draw-a-person test after Ziler [20] has been since long used in Germany in child psychology practice to measure the level of development and intelligence. According to updated results by Brosat and Tötemeyer [21] , the draw-a-person test is particularly suitable for the evaluation of visual perception development in children with developmental disabilities.
In our study, the subjects of both groups were asked to produce two drawings: a self-portrait and an ideal image of themselves (how they would like to look like). It is assumed that a person, who paints a self-portrait, reproduces the concept and the knowledge of his own body [22] [23] . The objective of the second picture was to minimize possible wishful thinking when drawing themselves. Both pictures were assessed according to 52 evaluation criteria [21] . Points were assigned to all drawn development features. The total score obtained was converted into Draw-a-Person Age (DPA) as DPA = Number of Points/4 + 3.
Using DPA and the physical age (PA) of the test person, Draw-a-Person Quotient (DPQ) reflecting the state of development of the person was calculated as in [21] (p. 15) DPQ = DPA/PA*100.
Statistical Analysis
The data collected were analyzed using the program R STATS for Windows [24] , pp. Some results are displayed as a percentage to permit direct comparison.
Results
HAWIK-IV
The test could be completed by 18 of the 19 subjects in the CP-group. 6 subjects (32 %) showed an average IQ between 85 -114 (normal value), 4 subjects (21 %) an IQ between 70 -84 (below the norm) and in 8 subjects (42 %) an IQ below 69 (well below the norm) was obtained.
In the DD-group, the HAWIK-test revealed normal values in 3 subjects (16%), values below the normal range in 7 subjects (37%), and even lower values in 9 subjects (47%).
Therefore, 63% of the children with CP and 84% of the children with DD had IQvalues below the average normal range. The two groups showed no statistical difference in IQ-values (WT, 72.39 ± 17.93 vs. 68.79 ± 17.53; p = 0.63).
GMFCS
In the CP-group, 10 subjects (52.6%) were classified as GMFCS-level II, 6 (31.6%) as GMFCS III, and 3 (15.8%) as GMFCS IV.
In the DD-group, all subjects were assessed as having GMFCS I.
DTVP
There was no significant difference between the two groups in MRPQ (WT, 78.44 ± 
BRD
The results of body representation tests are displayed in Figure 1 . In the CP-group, 13 subjects (68%) could not identify correctly all tested body parts, whilst 6 subjects (32%)
were able to name all body parts correctly. In the DD-group, only 3 (16%) of 19 participants could recognize all body parts tested. In both groups, the body parts with a lower percentage of correct responses were the ankles, neck, hips, chin, shoulders, elbows and feet.
In the subtests Spatial Concepts and Left-Right Orientation, no abnormalities were detected either in the CP-group, or in the DD-group.
In the subtest "everyday action", 14 subjects (74%) of the CP-group were able to complete the task and 5 (26%) were not. Half of the subjects who completed the task carried it out precisely and the half in a different form.
In the DD-group, 17 subjects (89%) completed the task and in a correct/expected way; 2 subjects (11%) had difficulties and could not accomplish the task completely.
There was no significant statistical difference between the two groups in the time required to complete the everyday action test (WT, 63.5 s ± 37.11 vs. 42.88 s ± 18.52; p = 0.12).
DPT
No significant differences were found between the self-portrait and ideal image, neither Figure 1 . Results of the body part calling test for the CP (in red) and DD (in green) groups, respectively, as percentage of correct answers.
in the CP-group (KST; p = 0.526) nor in the DD-group (KST; p = 0.77). Figure 2 gives an example of two related images for a subject from the CP-group. Table 2 contains the results of the evaluation of the two drawings (self-portrait and ideal image) for every subject. Using the number of points assigned for the self-portrait, the draw-a-person-age (DPA) is calculated and compared with the physical age (PA), see Figure 3 and Figure 4 . In the CP-group, the DPA was less than the PA for all of the 19 subjects; the difference between the two is shown in Figure 3 .
In the DD-group, apart from a subject for which no results could be obtained, the PA coincided with the DPA in 4 test persons (21%) and, for the rest of the group, the DPA was lower than the PA (Figure 4) The DPQ-values were below the norm in the majority of the subjects. Figure 5 and Figure 6 show the computed DPQ (red and green circles, respectively) for each one of the participants. Average normal values for healthy persons (blue circles) of the corresponding age were taken from [21] and are illustrated by blue dots. Admissible standard deviations from these values are marked with black dots. We assumed that young people, 15 and 16 years old, achieve at least the tolerance range of 14-year-olds. A DPQ-value below the tolerance range for the corresponding age and gender indicates a developmental deviation.
In the CP-group, 16 subjects (84%) had DPQ-values below the norm, 2 subjects (11%) had values within the permissible tolerance range, and 1 subject (5%) reached the average reference DPQ-value for the corresponding age ( Figure 5 ). In the DDgroup, 12 subjects (63%) had DPQ values below the norm, 3 subjects (16%) had values within the permissible tolerance range, and 3 subjects (16%) reached the average reference DPQ-value for their age ( Figure 6 ). However, the differences in DPQ values between the two groups were not significant (WT, 63.58 ± 13.76 vs. 73.42 ± 17.46; p = 0.12).
The DPQ-value depends on the subject's age. The younger the subject is the lower Figure 5 . Comparison between DPQ-values obtained for each subject of the CP-group (red dots) and the reference DPQ-values (blue dots) for the corresponding age, as from [21] . the expectations for the drawing features being assessed are. The older the subject is, the more detailed the drawing is expected to be. Our results confirm this: The difference to a healthy subject of the same physical age is greater the older the subject is (SCT, ρ = −0.628; p < 0.004).
Average scores of the individual drawing features for the two groups and also for healthy population (according to the data by Brosat and Tötemeyer [21] ) are given in Table 3 . Though no statistic significant difference was found, nevertheless lower scores were clearly observed in both groups compared to healthy population in the two dimensional drawing of certain features like trunk, arms, fingers, legs, and feet, in the right setting of the neck and legs, in the drawing of lips, face, clothes and correct number of fingers. The CP-group was especially far behind in the drawing of pupils, eyebrows, in the two-dimensional drawing of mouth and ears but was ahead in the representation of chin and elbows. Compared to the DD-group, significantly lower scores were detected for the CP-group in drawing of eyebrows (p < 0.04) and two-dimensional mouth (p < 0.015).
Finally, there was an interesting tendency in average scores of individual drawing features for the subjects with unilateral CP (UL) and those with bilateral CP (BL). The UL-subgroup (7 subjects) had higher average scores compared to the BL-subgroup (9 subjects) in drawing of two-dimensional arms, fingers, legs, and feet. The UL-to BLscores relation on features 23, 29, 33, and 37 (see column 1 in Table 3 for deciphering) was, respectively, 1.6, 2.1, 1.6, and 1.7. However, this result was only of borderline statistical significance (0.05 < p < 0.17).
Assessment of Correlations
A significant positive correlation was found in the CP-group between DPA and VMIQ- for chin, shoulder, knee, and elbow in Figure 1 and Table 3 ) was found for none of the groups.
Discussion
As a screening method, which is not expensive and is quite easy to use, the draw-aperson test has been described as useful tool to assess the general level of development of a child [25] [26] . However, scientific studies on drawings of children with CP are very rare [26] According to Abercrombie and Tyson [27] deviations in the outcome of draw-aperson test in children with CP do not necessarily indicate a disturbance of the body schema, but can reflect instead a general weakness in drawing. In a study with children that were premature babies [29] , it was indicated that the drawing ability, besides depending on the motor development and cognition, is also positively influenced by creativity and a stimulating environment [30] [31] . Our study showed that DPA values for children with CP correlated with VMI and MRP. These results suggest that a lower score in the draw-a-person-test is associated with a worse visual perception. The comparison with the DD-group confirmed that the below-average results in the draw-aperson-test in children and youths with CP are due to serious visuomotor distortions.
Based on this result, the draw-a-person test could be applied for the preliminary as-sessment of visual perception in children with CP.
It was shown in [29] that a developmental delay in premature infants is reflected in the drawing skills. In our study, DPA values were below PA values, in both groups. However, the difference [PA-DPA] was slightly larger in the CP-group compared to the DD-group. This difference correlated positively with physical age in both groups: The older the subject, the larger the difference [PA-DPA]. This suggests that an intensification of rehabilitation activities with increasing age may be important.
Some issues about the influence of intelligence on the performance in the draw-aperson-test are described by Krombholz [23] . In our study, however, no significant impact of the cognitive development assessed with the HAWIK-IV test on the outcomes in the draw-a-person-test was revealed. This is consistent with the results of Brosat and Tötemeyer [21] suggesting that the draw-a-person-test reflects the level of development of visual perception rather than of intelligence.
No significant influence of the body representation disorder on the outcomes in the draw-a-person test was registered. The evaluation of the draw-a-person test and body representation test showed that children and youths with CP had a discrepancy between the actual knowledge of their own body and its pictorial representation. Nevertheless, no significant difference existed in DPA and DPQ between the children with CP who knew their body parts and their functions, and those who had difficulty in identifying their body parts. Moreover, the majority of the examined children with CP were able to perform the simple everyday action properly. Children who had completed the action task were not better in the draw-a-person-test than the children who had not completed it. The body representation disorder therefore is not fully reflected in the self-portrait drawing of the children with CP.
That subjects with lower DPA took longer to complete the everyday action test can be explained by deficits in gross motor skills (positive correlation between the time needed to perform the task action and the mobility level). In contrast, fine motor skills and visual perception, seem to play no significant role, since neither DPQ nor VMI correlated with the time required to complete the action task. Some subjects needed more time to complete the action task because of spastic movement disorder. Despite needing more time they nevertheless completed the task correctly, and this reflects a proper action planning. Here the knowledge of the body parts played apparently an essential role: Individuals who were able to identify their body parts without difficulty performed the action task faster than the subjects who had difficulties in determining the different body parts.
According to the results of our study on the suitability of the draw-a-person-test for the detection of body schema and body image disturbances in children with CP, the following statements can be done: 1) Results in the draw-a-person test below the normal average indicate impairments of visual perception; 2) The draw-a-person test alone cannot be used for assessing disturbance of body representation in children with CP; 3)
The draw-a-person test is not a suitable method to evaluate cognitive abilities in children with CP.
Our results on reduced ability of children with bilateral CP (as compared to children with unilateral CP) in two-dimensional drawing are in agreement with earlier findings (see e.g. [32] ) and indicate that children with bilateral spasticity are more likely to present impairments of visual perception. However, a larger number of subjects would be needed to prove this statistically.
Investigation of the contribution of other diagnostic factors to the outcome of the draw-a-person-test would require extending the study to subjects with ataxic and dyskinetic forms of cerebral palsy. In the study here presented, only 2 children with ataxic CP and 1 child with dyskinetic CP agreed to participate and could be included.
Conclusion
The suitability of the draw-a-person test for the assessment of the body representation disorder in children with cerebral palsy was analyzed. It was observed that poor performance in the draw-a-person test was determined by impairments of visual perception. In addition, preliminary evidence was provided that children with bilateral spasticity are more likely to have impairments of visual perception. The scores obtained in specific tests of body perception had no significant impact on the outcome of the drawa-person test, which implies that the sole implementation of the draw-a-person test cannot provide reliable judgments on body representation deficits in children with CP.
The increasing difference between the physical age and the age revealed through the drawing with increasing age should be taken into account when planning rehabilitation for children with developmental disabilities of different origin. A long-term study examining a potential impact of targeted rehabilitation on the results of the draw-a-person-test would be useful and interesting.
